P-Glycoprotein (MDR1/ABCB1) Restricts Brain Penetration of the Bruton's Tyrosine Kinase Inhibitor Ibrutinib, While Cytochrome P450-3A (CYP3A) Limits Its Oral Bioavailability.
Ibrutinib (Imbruvica), an oral tyrosine kinase inhibitor (TKI) approved for treatment of B-cell malignancies, irreversibly inhibits the Bruton's tyrosine kinase (BTK). Its abundant metabolite, dihydrodiol-ibrutinib (ibrutinib-DiOH), which is primarily formed by CYP3A, has a 10-fold reduced BTK inhibitory activity. Using in vitro transport assays and genetically modified mouse models, we investigated whether the multidrug efflux transporters ABCB1 and ABCG2 and the multidrug-metabolizing CYP3A enzyme family can affect the oral bioavailability and tissue disposition of ibrutinib and ibrutinib-DiOH. In vitro, ibrutinib was transported moderately by human ABCB1 and mouse Abcg2 but not detectably by human ABCG2. In mice, Abcb1 markedly restricted the brain penetration of ibrutinib and ibrutinib-DiOH, either alone or in combination with Abcg2, resulting in 4.5- and 5.9-fold increases in ibrutinib brain-to-plasma ratios in Abcb1a/1b-/- and Abcb1a/1b;Abcg2-/- mice relative to wild-type mice. Abcb1 and/or Abcg2 did not obviously restrict ibrutinib oral bioavailability, but Cyp3a deficiency increased the ibrutinib plasma AUC by 9.7-fold compared to wild-type mice. This increase was mostly reversed (5.1-fold reduction) by transgenic human CYP3A4 overexpression, with roughly equal contributions of intestinal and hepatic CYP3A4 metabolism. Our results suggest that pharmacological inhibition of ABCB1 during ibrutinib therapy might benefit patients with malignancies or (micro)metastases positioned behind an intact blood-brain barrier, or with substantial expression of this transporter in the malignant cells. Moreover, given the strong in vivo impact of CYP3A, inhibitors or inducers of this enzyme family will likely strongly affect ibrutinib oral bioavailability and, thus, its therapeutic efficacy, as well as its toxicity risks.